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in the field and determining when sufficient contaminant destruction
has occurred to warrant discontinuation of the biostimulation. For in
situ bioremediation to be deemed successful, it must be shown that
the mass of contaminant in the aquifer has been decreased to desired
levels and that the microbial population caused the decrease. Factors
such as the heterogeneous nature and inaccessibility of subsurface
aquifers, together with competing concurrent processes that affect
the form and location of the contaminant (such as volatilization, sorption,
dissolution, migration, and dilution), all conspire to confound mass
balance analyses. Therefore, specific documentation of the successful
application of in situ bioremediation for the destruction of aquifer
contaminants is extremely rare. It has been asserted that true proof
of in situ bioremediation requires convergent lines of independent
evidence of microbial degradation in the field (Madsen, 1991). These
include diminished contaminant concentrations within both the hori-
zontal and the vertical dimensions of the plume; increased microbial
growth on the contaminant of interest in samples taken from the
biostimulation zone; and detection of metabolic products coupled with
diminished substrate concentrations (Madsen, 1991). These types of
evidence may not be readily obtainable because of the complexity of
the concurrent physical, chemical, and biological processes involved,
aquifer heterogeneities, and site-monitoring limitations. However, a
range of innovative sampling techniques may be incorporated into
the field-monitoring methods in order to measure and quantify in
situ bioremediation and provide a preponderance of supporting evi-
dence.

Field-Monitoring Methods

The following is a sampling of the diverse field methods that
have been applied with varying degrees of success to determine and
quantify the success of in situ bioremediation:

1. Two field studies in which in situ bioremediation was based
on cometabolism were performed within an initially uncontaminated
confined aquifer (Semprini et al., 1990, 1991). A series of tracer stud-
ies were conducted using bromide to determine flow characteristics
and capture efficiency and chlorinated organics to determine sorp-
tion and retardation factors and to evaluate the initial degradation
potential within the aquifer. Afterward the aquifer was enriched for
methane-oxidizing microorganisms that aerobically degrade chlori-
nated organics in one field study and for denitrifying organisms that
anaerobically degrade chlorinated organics in the other. Compari-